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Abstract
Seaweed is a critical part of natural marine ecosystems. In addition to supporting the
marine environment, seaweeds are a significant global resource with nutritional, industrial and
pharmaceutical applications. Seaweed also has the capacity to remediate excess nutrients in the
water caused by agricultural or aquacultural waste of other organisms. Seaweed has demonstrated
large potential as a remediation tool in land based polyculture and offshore Integrated Multi
Trophic Aquaculture (IMTA) systems.
Seaweed is already worth over US$7 billion as a global industry, but as of 2013 over 93%
of global seaweed is produced in Asia (Lorbeer, 2013, p. 718). Australia imports millions of
dollars of seaweed each year, indicating that there is already a substantial market that could be
shifted towards nationally produced local products.
There has been interest in seaweed cultivation every Australian state and territory.
However, because this form of aquaculture is quite new, most state governments are less certain
about how to handle seaweed cultivation compared to most other primary industries. The goal of
this study was to answer the question, “what is the relationship between the growing seaweed
industry and the government at the state level, and what structures are in place to allow for the
sustainable development of this industry?” I sought to identify the current structure of - and
projections for - the seaweed industry and corresponding state legislation in Australia.
Over four weeks I completed a desktop study to define the structure and outline the
differences and similarities in policy between states. I also interviewed a selection of
professionals at the forefront of Australian seaweed development to understand the general
perceptions of Australian seaweed, as well as to identify any significant differences between
states. I interviewed six governmental representatives - one from each state or territory - and four
seaweed biologists, commercial cultivators or both from Tasmania, New South Wales or South
Australia.
While state governmental structures vary, each state has aquaculture legislation that is
robust enough to direct new seaweed aquaculture projects. Financial support of research and
industry development from the government or other commercial enterprises will be important in
filling the knowledge gaps in commercial native seaweed cultivation to scale production up. The
impetus for development may come from perceived environmental benefits or from consumers
who understand the health and nutrition benefits of seaweed, but ultimately Australian consumers
will be one of the most significant factors shaping the future industry.
Key words: Aquaculture, Seaweed, Macroalgae, Primary Industry, Governance
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1.0 Introduction
1.1 Overview: The Australian Aquaculture Industry
Aquaculture is growing faster than land-based method of food production and has
now become the fastest-growing food production sector globally (DAWR, 2017, p. 1). Given
the growing population and the environmental burden that large-scale agriculture places on
the land, aquaculture will become increasingly important to global food security and global
health. Aquaculture encompasses the “keeping, breeding, hatching, culturing or harvesting of
both marine and freshwater aquatic organisms including fish, shellfish and aquatic plants for
the purposes of sale” (CIE, 2014, p. 1). Australian aquaculture is currently worth about $2.4
billion per year, and the national aquaculture strategy proposes to double the value of
aquaculture by 2027 (DAWR, 2017 p. 3).
The five largest aquaculture industries are currently salmonids, tuna, edible oysters,
pearl oysters and prawns (DAWR, 2016, para. 4). As with any cultivation practice,
aquaculture impacts the natural environment into which it is introduced. Open production
systems, which are the most commonly applied method for fish and shellfish farming, require
natural currents to supply dissolved oxygen and nutrients and to flush dissolved and large
waste from the farm (CIE, 2014, p.1). Although Australia is an island nation with richly
productive coastal waters, it imports approximately 66% of seafood consumed each year,
mainly low-cost seafood products (frozen and canned goods) from Thailand, New Zealand,
Vietnam and China (DAWR, 2016a, p. 2). Additionally, Australia exports $1.2 billion of its
seafood products, or approximately half of the annual worth (2016a, p. 2). Australia has a
global reputation of producing high-value seafood using sustainable practices (DAWR,
2016a, para. 14). As fisheries become more widespread and supply a higher proportion of
global seafood demand, complicated questions arise concerning the true sustainability of
seafood cultivation practices in Australia, and how to develop aquaculture without
overwhelming natural ecosystems.
1.1 Governmental Regulation and Policy
While fisheries and contained aquaculture farms reduce the number of wild-caught
native species, aquaculture puts strain on the surrounding environment and has many
negative effects. While sustainability may be generally understood as, “that which can be
maintained over time,” (Hernberg and Lerch, 2010, p. 13), there are many complex systems
that must be considered in order for global aquaculture to be environmentally sustainable.
Environmental impacts of aquaculture may include water quality, risks to natural biosecurity
(disease, introduction of invasive species, and interbreeding between non-native and native
species) and disruption of the surrounding ecosystem (CIE, 2014, p. 1). All Australian states
1

are governed individually by state legislature, but certain Commonwealth policies apply to all
states. The table below, published by the Australian Bureau of Agriculture and Resource
Economics and Sciences in 2013, shows the growth of the aquaculture industry in each state
and the contribution of aquaculture to gross state product (CIE, 2014, p. 4).

Figure 1. Summary of aquaculture value and by state and 10-year growth rate (2001-2 to
2011-12). Sourced from ABARES, 2013.
Tasmania has the largest gross value of fishery production (AUD $522.2 million) and
is responsible for 23% of Australian state-owned fishery production (DAWR, 2016b, pp. 1112).
1.2 Governmental Projections
The major goal of the 2017 National Aquaculture Strategy was to increase the value
of the aquaculture industry by 100% by 2027. Particularly in ten years, this level of proposed
growth has significant implications for health of cultivated organisms and local ecosystems.
The Department of Agricultural and Water Resources (DAWR) emphasizes the importance
of strong collaboration among local participants and state and national governments, and
highlights eight focus points identified in this strategy: a strong regulatory framework;
research; development and extension; market access; biosecurity; public perception;
environmental performance; investment; and training and education (DAWR, 2017, p. 1).
While the goal is economically focused, sustainable practices boost intrinsic value of natural
resources, and sustainability is frequently mentioned in this survey (Reaganold and Watcher,
2016). However, the report fails to specify the ways through which sustainability will be
prioritized on a national level in the next ten years.
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1.2 Aquaculture, Cultivation and the Environment
1.3.1 What Contributes to the Seafood Carbon Footprint?
Interestingly, in a 2017 lifecycle assessment of imported and nationally cultivated
seafood products showed that the distance travelled of imported and exported seafood
products is not the main determinant of food sustainability (Gardner et al. 2015, para. 3).
Rather, the cultivation method has a greater impact in the assessment of marine product
sustainably than the carbon footprint of product shipment. In other words, the fact that food
travels to or from Australia, while important, is not as significant to sustainability as the
methods through which it is cultivated. Therefore, the development of sustainable
aquaculture methods and products is critical for the future of national and global industries as
well as for the environment.
1.3.2 Sustainable Aquaculture Methods
As with agricultural practices, researchers recognize that aquaculture can have
negative effects on the surrounding marine environment. Offshore fish farms tend to create a
dead zone around them due to the proliferation of dissolved nutrients including nitrogen and
phosphorus which, in excess, kill surrounding wildlife (Buschmann et al., 2006, p.1338).
Aquaculture has the potential to put a significant and harmful burden on the surrounding
environment. However, there are methods of reducing the environmental burden, and the
more that researchers, policymakers and the public understand about these methods, the more
rapidly they can be polished and adopted by small and large-scale aquaculture systems. One
such method is called Integrated Multi-Trophic Aquaculture (IMTA). IMTA involves the cocultivation of seaweeds with shellfish and fish. In this system, organisms feed off of one
another’s waste in order to reduce wasteful impacts and to increase efficiency (Chopin, 2012,
p. 11). IMTA “enables the recapture of excessive inorganic nutrients released in coastal areas
by fish farms, thereby improving their sustainability.” (Charrier et al. 2017, para. 4).
Organisms are organized with one another based on the currents, and the system helps to
mitigate waste impact while increasing the production of healthier organisms. Seaweed plays
two roles in this system: it provides a source of food for crustaceans, shellfish and fish, and
acts to filter and clean dissolved waste from the water system. Similarly, onshore facilities
can reduce waste outputs by growing finish alongside filter feeders that feed on their waste,
or can use algae to filter and recycle water that is used in for fish farming.
1.4 Why Seaweed?
When most people consider valuable marine products, seaweed does not jump to the
forefront of their minds. However, seaweed has incredible power from both an ecological
3

and economic perspective as a sustainable alternative to other consumable and manufactured
products. They naturally remediate excess dissolved nutrients in the water to promote
healthier natural ecosystems. Seaweed is macroalgae, which encompasses all benthic marine
algae that are visible without aid of a microscope (GBRPA, 2008, p.1). Seaweeds grow faster
than any land plant: bull kelp (Nereocystis leutkeana) grows at 15 cm per day while giant
kelp (Macrocystis pyrifera) can grow 61 cm per day (AgriFutures, 2017). Seaweeds
contribute significantly to the sequestration of carbon and currently absorb about 2% of
anthropogenic emissions each year (Krause‐Jensen & Duarte, 2016, p. 737). They allow the
transfer of biomass between ecosystems and provide nutrient cycling, increased secondary
production, energy capture and flow, and coastal defense (Charrier, 2017, para. 2). Current
estimated value of the ecosystem services provided by macro algae amounts to over
28,000 international dollars per hectare per year (de Groot et al. 2012, p. 55).
From a marketing perspective, seaweed is used as a human food source, a feed source
for other cultivated organisms, an alternative biofuel and a source of important molecules
(Charrier, 2017, para. 3). The global seaweed industry is estimated to be worth $15-$20
billion AUD, with Chinese seaweed alone worth $10 billion AUD globally (Government of
South Australia, para. 4). 80% of harvested seaweed is used for human consumption:
seaweeds are rich in protein, Omega-3-fatty acids, vitamins, minerals and other compounds
that promote human health (Teagasc, 2012, para. 2). For this reason, seaweeds are recognized
to have enormous local and global potential to help reduce malnutrition for a fraction of the
energy and environmental costs of other resources or crops. Researchers such as Dr. Pia
Winberg of the University of Wollongong are investigating the biomedical applications of
specific compounds found in macroalgae, which is already used in cosmetics, nutraceuticals,
and pharmaceuticals (Makkar et al. 2016, p. 1940). Hydrocolloids (agars, carrageenan or
alginates) are extracted from macroalgae and are used in a huge number of common products
(Charrier, 2017, para. 3). Seaweeds have used been as plant fertilizer for millennia, and are
used as a feed for marine and land livestock. Recent research published by Dr. Rocky de Nys
of James Cook University indicates that feeding sheep a diet of 3% algae reduces methane
emissions by as much as 80% (Li et al. 2018, p. 681).
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1.5 Geography of Current Seaweed Production
Seaweed can either be cultivated on the sea floor or on long lines, and naturally
growing seaweed can be harvested from the sea floor or the shore. Marine algae can also be
cultivated on land in closed systems similar to onshore marine shellfish or finish fisheries.
Asia produces approximately 93% of global seaweed production as of 2013, and cultivates
99% of its seaweed product (Charrier, 2017, para. 4). Outside of Asia, the harvesting of
natural seaweeds is the most common method of production. As of 2014, Australian seaweed
industry was limited to the harvesting of stormcast kelp (kelp that naturally washes up
onshore), primarily on King Island, TAS, where stormcast bull kelp is harvested and accounts
for 5% of the world’s alginate (DPIPWE, 2017, para. 2). Particularly considering the growing
global demand for seaweed, extensive harvesting of naturally growing seaweeds will harm
local ecosystems, and seaweed cultivation may become the only sustainable method for
large-scale seaweed production. Within the last ten years there have been preliminary efforts
to start integrated multi-trophic aquaculture setups in Australia, primarily in South Australia
and Tasmania (Butterworth, 2009; Dakis, 2016). However, these efforts have largely
consisted of temporary pilot trials, and a stable industry has not yet developed.
With its cold waters and nutrient-rich currents, Tasmania is an attractive site for
seaweed cultivation. Of the 2000 species of seaweed native to Australian waters, over 1000
are native to Tasmanian waters (Foster, 2016, para. 10). In 2016, seaweed researcher and
industry pioneer Dr. Craig Sanderson and business partner James Ashmore developed a
pioneering project to cultivate three native species alongside eight salmon and oyster leases
in the state (Dakis, 2016). The two co-founded the company Kai Ho Seaweed company,
which harvests and markets the naturally growing non-native species Undaria. Dr. Sanderson
is also working with the industrial salmon farming company Tassal, a salmon-farming
company proud of its initiatives towards sustainable fish farming (Tassal, 2016).
South Australia also has desirable conditions for the cultivation of seaweed. South
Australia boasts over 1,400 endemic species of macroalgae (Government of South Australia,
2018, para. 2). Australia has a huge national variety of naturally growing red and brown
seaweed, 60% of which can only be found in Australian waters (Government of South
Australia, 2018, para. 2).
Given that seaweed cultivation is a new and burgeoning industry, governmental
policy is also relatively new, and each Australian state has had a different system for
incorporating seaweed into current state legislation. While some states, such as Tasmania and
South Australia, have a history of seaweed harvesting, other states have had very little public
5

interest in seaweed. Other states, such as New South Wales and Queensland, are adapting in
order to allow pilot onshore seaweed cultivation projects. Although there is a national focus
on promoting sustainability in aquaculture policy, there is little mention of practices such as
IMTA.
1.6 Sustainability and Policy
Researchers and environmental marine scientists understand that sustainability, in
scientific terms, refers to the production of aquatic organisms without a net utilization (or
with minimal utilization) of natural resources. Sustainable aquaculture also includes avoiding
harmful impacts on the surrounding environment. However, as Stickney and McVey state in
their book, this definition leaves the reader wondering how to practically and physically
move towards sustainable aquaculture practices. In a sustainable aquaculture setup, the
aquaculturist would maintain “a constant consideration of the utilization of natural resources,
and will also be dedicated to avoiding environmental impacts, attempt to produce healthful
products in the case of species used for human food, and will follow regulations and policies
that have been established” (Stickney and McVey, 2002, p. 1). The final element of this
definition indicates how important policy is in guiding sustainable practices. Sustainability is
an appealing and comforting term, and it is easy to use it as a trigger word without outlining
actionable change to promote sustainable practices. Having concrete, actionable steps to
promote sustainable aquaculture methods is important at the policy level.
In Australia, the concept of Ecologically Sustainable Development (ESD) was
introduced at the national level in the National Strategy for Ecologically Sustainable
Development 1992. This strategy defined ESD as “using, conserving and enhancing the
community's resources so that ecological processes, on which life depends, are maintained,
and the total quality of life, now and in the future, can be increased” (Department of the
Environment and Energy, 1992). Simply put, ESD “aims to meet the needs of Australians
today, while conserving our ecosystems for the benefit of future generations.” As part of the
core goals and principle objectives, the Commonwealth government identified integration of
ESD to policy at the state level by the Primary Resource Departments to be a critical part of
effective national sustainability (Department of the Environment and Energy, 1992). The
National Aquaculture Statement and National Aquaculture Strategy outlines the
commitments of the government to a sustainable and profitable future along with the
expectations that the national government has for stakeholders in the aquaculture industry.

6

Seaweed is a growing industry, and therefore both government and stakeholders have
the opportunity to design legislation and practice seaweed cultivation in a sustainable way.
Seaweed is a critical part of larger aquaculture systems (IMTA and on shore polyculture) that
significantly improve environmental impacts compared to monoculture practices. It is
important that policy allows for (or promotes) such practices as IMTA. As the industry
grows, communication among different states and sectors will be important in order to
develop effective aquaculture legislation and seaweed aquaculture policy. At this point, it is
important to understand the ways in which states have incorporated seaweed into their current
aquaculture policy. This includes stormcast harvested seaweed, seaweed cultivated alone and
seaweed cultivated in an IMTA or polyculture system.
1.7 Focus and Rationale
In this report, I review and outline the legislation that currently regulates seaweed
harvesting and cultivation in five of the six Australian states and the Northern Territory. The
goals of this study are three-fold. This report is designed to comprehensively identify the
current structure of - and projections for - the seaweed industry and corresponding state
legislation. Through a comparative analysis of current state legislation and interviews of
experts in industry and governance, this report seeks to answer the question: “what is the
relationship between the growing seaweed industry and the government at the state level, and
what structures are in place to allow for the sustainable development of this industry?” In
answering this question, I create a descriptive policy network for each state as well as
identify the perspectives of governmental and industry professionals who are at the forefront
of Australian seaweed development. I also analyze and discuss recurring themes that are most
important to the development of an Australian seaweed industry. Key themes in this study
include policy and industry structure, state-specific research and funding support,
environmental values and cultivation practices, and impetus for future development.
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2.0 Methods
2.1 Structural Overview
I conducted this research in Hobart, Tasmania, which is one of the more developed
regions in the country in regard to seaweed cultivation efforts. I worked with the guidance of
seaweed biologist and business entrepreneur Dr. Craig Sanderson, and marine social scientist
and ecosystem modeler Dr. Karen Alexander, both of whom were based in Hobart.
This study is comprised of two parts; a structural analysis of the policy guiding
seaweed aquaculture in each state, and formal interviews with industry and governmental
representatives from each Australian state and territory, excluding Western Australia.
Although seaweed cultivation is in its infancy across most of Australia, I did not include
Western Australia in the study due to a lack of solidified infrastructure, difficulty with
securing interview contacts, and low cultivation interest in Western Australia. This said, there
are some pilot projects for seaweed aquaculture that are just beginning in Western Australia.
2.2 Intensive Interviews
After preliminary research, I identified contacts across Australia who would be most
significantly involved in the current and future developments in seaweed aquaculture. I
attempted to interview one governmental representative and one individual involved in
research or industry from each state. For all states outside of Western Australia, I conducted
in-person or phone interviews with governmental representatives from the Department of
Primary Industries from each state and individuals either actively producing or researching
seaweed cultivation. All interviewees were supplied with an informed participation
information page and signed an informed consent document. See appendix A and B for the
information page and informed consent document. In total, I completed ten interviews, six of
which were with governmental representatives from the six represented states. The remaining
four interviewees were either phycologists, entrepreneurs, or both. All interviewees had
experience interacting with the government, either for research purposes or in order to legally
begin the cultivation of macroalgae. The four research and industry interviewees were experts
from Tasmania, New South Wales, South Australia and Queensland. All interviews were
approximately 40-55 minutes in length.
In order to maximize the number of individuals who were willing to participate in the
interviewing process, I kept governmental representatives anonymous in this report and
identified them in relation to their state. All other interviewees are identified following their
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wishes. Interviews were conducted between November 12th and November 30th, and all
interviews were recorded digitally using a handheld recorder and then transcribed. The
interview questions for governmental representatives were the same and asked in a similar
order for each interview, although conversations evolved naturally, and some state-specific
details used to clarify more general questions were discussed. See appendix A for
governmental intensive interview questions. The structure for interview with industry and
research professionals was also maintained, although natural conversation resulted in
variation between interviews. See appendix B for research professional interview questions.
Key themes throughout the interviews included: biosecurity, governmental regulatory
framework, critical actors for future development, funding sources for projects, projected
growth and policy change, and perceived benefits and risks of seaweed.
During and after the completion of the interviews and the transcription, I analyzed
this data by identifying recurring topics and themes, as well as identifying significant
differences between actors from each state. I grouped governmental responses together and
similarly grouped industry and research representatives together to identify trends in
responses. I also considered any significant differences in perception between governance
and industry representatives from the same state concerning seaweed.
2.3 Comparative Policy Analysis – Australian States and Northern Territory
Before and during the interview process I worked to identify and read the key pieces
of legislation currently directing land based and offshore seaweed cultivation as well as
seaweed harvesting in each of the relevant states and territories. In order to complete my
policy analysis, I employed a method called Rapid Policy Network Mapping (RPNM), which
can be used to identify connected and relevant policy relating to a given topic. This method,
developed by Dr. John Bainbridge, is used to map the relationships and connectivity between
governmental actors and documents, and can be used to outline the legal structures inherent
in management planning (Bainbridge, Potts, O’Higgins, 2011, p. 3). While I used this method
initially to identify the basic policy framework directing seaweed cultivation, it is possible to
go into greater detail in order to map out the complete interactions between governmental,
private and non-governmental actors who are actively engaged in the policy development
process. I compared key elements of the foundational legislation and created network maps
comparing policy in each state.
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2.4 Ethical Considerations
The interview questions for this project were developed to be objective and open
ended, and ethics in regard to the interview process were reviewed and approved by the Local
Review Board. Interview questions for governmental representatives (appendix A) and for
research and industry representatives (appendix B) are included at the end of the report.
Before all interviews, interviewees were supplied an informed consent informational
document as well as a consent form to sign. All interviewees gave written and oral consent,
and interview recording files were saved on a password encrypted computer. Consent
information documents and consent forms can be found (appendix C and D). There were no
ethical concerns with the desktop study portion of this investigation.
Given that most interviewees were employed by or had a close relationship with the
government, I was cautious to ask some questions that might seem loaded or otherwise
personal. Additionally, because the seaweed community is fairly small across Australia, it is
important to recognized that this research does not represent the opinions of the entire
aquaculture or governmental community at the state level. Rather, it highlights the voices of a
few highly knowledgeable and involved experts from each state.
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3.0 Results and Discussion
3.1 State-specific Seaweed Management - General Overview
Of the six states and territories investigated, Tasmania and South Australia are the only
two that have published policy exclusively regulating seaweed collection (DPIPWE, 2017;
PIRSA, 2015). For both states this policy only encapsulates beachcast macroalgae, or
seaweed that has washed up onshore. Separating beachcast algae from any cultivation efforts
enables the states to distinguish between aquaculture projects that cultivate native (or
endemic) species and those that disrupt naturally growing native seaweed. In the case of
Tasmania, this policy also outlines the legally accepted treatment of the non-native species
Undaria, which may be harvested from the shore or cut from the sea floor but may not be
cultivated. Undaria is present in the shoreline waters of Tasmania and Victoria, while the
waters of New South Wales, Queensland, the Northern Territory and South Australia are
currently clear of the pest species.
Each state defines seaweed differently and handles it differently because of this legal
designation. In Tasmania, seaweed falls under the definition of a fish under the Living
Marine Resources Management Act 1995, along with finfish, crustaceans and other marine
animals (DPIPWE, 2018). This allows seaweed to be included beneath all sections of the
Living Marine Resources Management Act pertaining to fish, which is significant for any
developer interested in seaweed cultivation. Figure 2 illustrates the activity in each state
concerning harvesting, land-based cultivation and offshore cultivation projects.
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Figure 2. Current seaweed aquaculture activity and seaweed classification across Australia.
The Victorian Fisheries Authority does not seem to outline its definition of seaweed in
accessible legislation, resulting in the “unknown” category in the legal definitions column.
It is important to note that there is still no solidified industry for cultivated seaweed
across Australia, and while states are developing pilot trials, few have long-standing
commercial-scale operations. The most developed operations regarding seaweed have been
developed in Tasmania and South Australia for beachcast macroalgae. The most
commercially significant long-standing land based operation is in North Australia, where
AAU Australia Pty Ltd established Australian Spirulina, the only spirulina-producing
company in Australia (Australian Spirulina, 2018, para.1). Other states in which researchers
or entrepreneurs have developed onshore cultivation pilot projects include New South Wales,
South Australia and Queensland. Offshore cultivation pilot trials have been developed in
Tasmania, South Australia, and Victoria, with pending projects in New South Wales.
Each state has the freedom to develop its own policy controlling natural resource
management, and therefore each state has a different approach to seaweed harvesting and
cultivation (Bellamy and McDonald, 2005, p. 5). The legislation concerning seaweed has
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been and continues to be influenced by a number of critical factors including stakeholder and
innovator interest, research and knowledge, funding of novel a novel industry, perceived
environmental and perceived economic value. In the following sections I explain the general
legal structure directing seaweed aquaculture in each state and then discuss the ways that
these factors have influenced the regional development of seaweed cultivation. Finally, I will
discuss Australia as a whole and the implications of state development on the future of a
national seaweed industry.
3.2 Legal Framework
3.2.1 Northern Territory
The Northern Territory has no offshore or land based cultivation of seaweed outside
of the Australian Spirulina company, which became licensed in 1996 (Australian Spirulina,
2018, para. 3). There has been no interest in harvesting cast seaweed or developing new pilot
aquaculture trials in the Northern Territory to date. Fisheries and aquaculture falls beneath
the jurisdiction of the Department of Primary Resources (DPR). The Fisheries Department
within the DPR manages both land based and offshore aquaculture operations and
development. In its aquaculture strategy the DPR directly references Commonwealth policy,
ecologically sustainable development (ESD) and triple-bottom line priorities (DEE, 2018,
para. 2).
As with other five states included in this report, three miles of the coastline
operations are managed by the Territories government, and any farm developments beyond
three miles of the coast currently fall under Commonwealth jurisdiction (NT governmental
representative, 2018, pers. comm.). The territories and commonwealth government are
negotiating to allow the Northern Territory to manage any offshore ventures in this
Commonwealth region three miles beyond the coast, but these changes are likely to take
another year or two before they are fully settled (NT governmental representative, 2018, pers.
comm.). The Northern Territory is unique in its remarkably low population, 228,833 in 2016
(Australian Bureau of Statistics, 2018, para 4), and a coastline length 10,953 km (Geoscience
Australia, 2018).
The principal legislation that directs all aquaculture developments is the federal
Environmental Protection and Biodiversity Conservation Act 1999 and the Northern
Territory Fisheries Act of 1988. Through this legislation it is possible to apply for a lease or
license for a particular aquaculture project, and the Fisheries department will guide the
developer through the legal framework. The Northern Territory Environmental Protection
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Authority is perhaps the second most important governmental body involved in the process of
approving a new development.
Of the 5,100 km of coastline in the Northern Territory, approximately 84% is owned
by Aboriginal Traditional Owner groups, including most of the intertidal zone. As of January
1st, 2019, any individual applying for a fishing license in this region will require permission
from the Aboriginal custodians and the Norther Land Council (Northern Land Council,
2017).
A notice of intent submitted by the proposed developers is reviewed by the Fisheries
department, and any land-based or offshore farm must complete an environmental impact
assessment to ensure the proper disposal of wastewater and excess nutrients. If the proposed
farm is an intended offshore development, the marine branch would also be involved in
reviewing the proposal in order to advise on location and to maintain environmental
protection (NT governmental representative, 2018, pers. comm.). For land-based
developments, the Land Titles Office must also be contacted. Any lease or license is granted
under the Fisheries Act and the process of obtaining those licenses is outlined in the Act. In
order to obtain a lease or license from the Northern Territory, the applicant must adhere to the
Crown Lands Act 2014. At this point, there has been no interest expressed to the Fisheries
department in any offshore seaweed cultivation, and there are no laws specifically directing
seaweed foraging, as there has been little use of naturally occurring seaweed (NT
governmental representative, 2018, pers. comm.).
3.2.2 Tasmania
Tasmania is one of the two states to have separate legislation focusing exclusively on
marine plants: The Marine Plants Fishery – Policy document (2017) and the Fisheries
(Marine Plant) Rules 2017. It has perhaps the most significant seaweed-based industry of any
state in Australia, with a longstanding history of harvesting stormcast kelp, primarily on King
Island (DPIPWE, 2017, p. 8). Tasmania is also home to Marinova, a company that is
developing pharmaceutical products using compounds found in the invasive species Undaria,
which it holds a license to harvest on the East coast of the state.
The marine plant specific documents were originally designed to acknowledge the
legitimacy of marine plants as a wildlife trade operation in Tasmania beneath Environment
Protection and Biodiversity Conservation Act 1999, and to provide guidance for the
ecologically sustainable management of marine plant fisheries in Tasmania moving forward.
These documents primarily concern the harvesting of cast endemic seaweed the pest-species
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Undaria pinnatifida, which is a nationally listed marine pest and was labelled as a “noxious
fish” under S. 27 of the Living Marine Resources Management Act 1995 (DPIPWE, 2017, pp.
11 -12). Seaweed cultivation primarily falls beneath the Living Marine Resources
Management Act 1995.
While there has been no interest in offshore developments in Tasmania, offshore
cultivation and harvesting of wakame are acknowledged as having potential environmental
and economic value by the government, researchers and industry. One of the most nationally
unique projects in Australia is the IMTA trial that the salmon company Tassal is currently
conducting. IMTA is becoming globally recognized as a more sustainable aquaculture
method, and seaweed is a critical element of this nutrient cycling system. Tassal is interested
in growing endemic seaweed next to their salmon in order to remediate the waste from the
salmon farm. Dr. Craig Sanderson, who owns his own seaweed harvesting company with
business partner James Ashmore, is working for Tassal to oversee this development.
In Tasmania, the process for aquaculture companies or developers to add an
additional marine plant license onto their current lease or license to cultivate seaweed is one
of the most “straightforward legal processes” in the lease and license system in Tasmania
(Tasmanian governmental representative, 2018, pers. comm.). The Living Marine Resources
Management Act 1995 is designed to encapsulate all forms of aquauculture and to direct new
development while supporting stakeholders, the state and the environment. At this point, the
Fisheries division of the Department of Primary Industries, Parks, Water and Environment is
confident that the Act will effectively guide all developers interested in seaweed.
3.2.3 Victoria
In Victoria, Undaria is also present and recognized as a noxious species in section 75
of the Fisheries Act 1995 (VFA, 2018 a, p. 121). This Act is the foundational policy directing
structure and development for all offshore aquaculture farms and fisheries. While the term
“fish” is defined in this Act to include most aquatic organisms, plants are not directly
included. However, the Act states that the Governor in Council may define “a species of
aquatic invertebrate to be fish for the purposes of this Act (VFA, 2018 a, p. 22).
All land-based aquaculture is directed by both the Fisheries Act 1995 and Fisheries
Regulations 2009. An aquaculture license in Victoria is acquired through the process outlined
in the Fisheries Act 1995. In 2017 the Victorian Fisheries Authority (VFA), which is the
body that legally oversees seaweed harvesting and cultivation, released a strategy designed to
outline governmentally identified priorities for public and private sector investment for the
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fisheries industry (VFA, 2018 b, para. 4). The VFA prioritizes the consultation and
involvement of stakeholders in current and future industrial aquaculture. Authorized
aquaculture operators are permitted to harvest the brood stock of native species on a specific
permit offered on a case-by-case basis (VFA, 2018 c, para 79).
The state has a number of protected kelp forests that are overseen by the Parks
Victoria authority. These kelp forests fall within marine sanctuaries, of which there are six
(Victorian Parks, 2018). The Victorian government emphasizes the importance of preserving
natural seaweed growth and avoiding the disruption of endemic species by promoting kelp
protection in sanctuary areas.
While smaller companies are currently harvesting Undaria in Victorian waters, there
has been very little development of offshore endemic species cultivation or onshore trials.
The majority of interest is currently coming from small business interest groups and
researchers like Deakin University professor Dr. Alecia Bellgrove, who is a marine ecologist
with a focus on sustainable aquaculture. There have been IMTA trial projects developed off
the coast of Victoria, but no projects have been maintained (Victorian government
representative, 2018, pers. comm.).
3.2.4 South Australia
In South Australia, the Department of Primary Industries and Regions South Australia
(PIRSA) is responsible for regulating and managing aquaculture and Primary South
Australian coast is broken into 12 distinct zones in which aquaculture is permitted or
prohibited (PIRSA, 2017, p. 15). As of 2016, these zones included 7% of state waters,
although more than half of this allocated zone area is made up of exclusion zones. Of the
permitted aquaculture zones, about 5-10% of the area is open for aquaculture projects at any
given time, meaning that approximately 0.2% of state waters is available for aquaculture.
Within each zone certain types of aquaculture are permitted in an attempt to maximize
efficiency and to maintain environmental health. Each zone has its own policy that falls
beneath the Aquaculture Act 2001 (PIRSA, 2017, p. 2). These policies define the classes of
permitted aquaculture in the zone sub-regions. Figure 3 is a map of the current and proposed
regions and regions under review.
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Figure 3. Map of the South Australian aquaculture zones. Each zone has a specific list of
acceptable species within the region and comes with its own restrictions (PIRSA, 2017, p.
15).
While the zones reduce the general area of marine water open for potential
aquaculture projects, South Australia’s zone system streamlines the approval process for
proposed projects because each of the sites has been pre-approved by the relevant official
bodies and referral agencies. The high-level statutory zone identification policy documents
that are approved by all of the necessary agencies essentially lock in the approval of these
agencies for future proposals, barring any significant change. (SA governmental
representative, 2018, pers. comm.). The result is an efficient “one-stop-shop” as described by
the South Australian governmental representative. This system, originally funded by the state
government, was deliberately designed to streamline application cases.
The Aquaculture Act 2001 is designed to “promote ecologically sustainable
development of marine and inland aquaculture” while protecting state resources and
economic interests (PIRSA, 2018 a, p. 8). This Act is the overarching legislation in regard to
aquaculture either within the marine and intertidal zones or on land. Any aquaculture
development that falls outside of these zones is included beneath the Development Act of
1993 (SA governmental representative, 2018).
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Like Tasmania, PIRSA has specific legislation that directs the harvesting of cast
seaweed, which falls beneath fisheries legislation rather than aquaculture policy. The
Ecologically Sustainable Development (ESD) Risk Assessment of Proposed Activity to
Harvest Beachcast Marine Algae 2015 describes acceptable practices for marine algal
harvest. Algae falls under the Miscellaneous Fishery License, one of six license types in
South Australia (PIRSA, 2018 b). There are two miscellaneous licenses in South Australia
that permit the harvest of beachcast marine algae (PIRSA, 2018 b). South Australia offers
four types of leases within the current aquaculture zones that a new aquaculture operator may
apply for: a pilot lease, a production lease, a research lease and an emergency lease.
Applicants will be reviewed by PIRSA and taken through the procedure of development.
PIRSA has its own aquaculture research unit that is connection to and partially funded by the
government. This unit, BLANK, includes marine systems biologists and macroalgae
specialists.
3.2.5 New South Wales
In New South Wales, the Aquaculture Department works within the Fisheries
Department, which operates beneath the Department of Primary Industries. Aquaculture
includes land-based companies, estuarine companies such as the major oyster farms, and
offshore companies. All aquaculture legislation is based on the Fisheries Management Act of
1994 and the New South Wales Environmental Planning and Assessment Act 1979. The
Fisheries Management Act of 1994 defines marine vegetation as “any species of plant that at
any time in its life must inhabit water (other than fresh water)” and seaweed falls beneath this
term in all other New South Wales policy (NSW government, 2016, p. 22).
Aquaculture in New South Wales is divided into two distinct categories as defined by
the Fisheries Management (Aquaculture) Regulation 2017 (NSW Government, 2017, p. 5).
Extensive aquaculture is defined as “aquaculture undertaken without providing
supplementary food for the fish or marine vegetation that are being cultivated,” while
intensive aquaculture is “aquaculture undertaken without providing supplementary food for
the fish or marine vegetation that are being cultivated” (NSW Government, 2017, p. 5). Any
offshore seaweed cultivation would likely fall beneath the extensive aquaculture, although
any on-shore cultivation or initial nursery cultivation would be classified as intensive.
Intensive aquaculture setups are more likely to require greater processing by the
Environmental Protection Authority in order to secure an environment protection license.
Given that algae strips the water of waste and tends to leave discharged water far cleaner than
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it came in, current pilot projects for onshore seaweed cultivation have not required an EPA
license.
There are three distinct policy documents that direct land-based, estuarine and
offshore aquaculture, respectively. The 2009 New South Wales Land Based Sustainable
Aquaculture Strategy covers all fresh and saltwater projects on land with the exception of
oyster farming and estuarine aquaculture, which falls beneath the 2016 New South Wales
Oyster Industry Sustainable Aquaculture Strategy. Offshore aquaculture is legally controlled
beneath the New South Wales Marine Waters Sustainable Aquaculture Strategy, which has
passed through a public review stage and is scheduled to be publicly gazetted before the end
of the year (NSW governmental representative, 2018, pers. comm.). Offshore seaweed
cultivation projects fall beneath the NSW Marine Waters Sustainable Aquaculture Strategy,
while land based projects are directed by the NSW Land Based Sustainable Aquaculture
Strategy.
The Environmental Planning and Assessment Regulations 2000 is the relevant
planning legislation that provides regulatory guidelines for developing aquaculture projects
(NSW Government, 2018). New projects must go through the development application
process with their local council. Also highly relevant for any seaweed aquaculture is the State
Environmental Planning Policy No 62 along with the 2009 NSW Land Based Sustainable
Aquaculture Strategy, which establishes an environmental risk assessment plan and defines
the three classes (or levels) of risk which a proposed plan might fall: Furthermore, the
Environmental Planning and Assessment Act of 1979 is used by local councils to define
whether a proposed aquaculture project is permissible, whether the risk level is low, medium
or high, or whether the project should be prohibited. This categorization lays the framework
for the procedure of approving a new development.
Projects at all three levels require a Statement of Environmental Effects, but class
three projects (the most environmentally impactful) also require an Environmental Impact
Statement. With comparatively new and unknown industries such as seaweed, new projects
will also likely require the submission of an environmental impacts statement (NSW
governmental representative, 2018, pers. comm.) The Land Based Sustainable Aquaculture
Strategy provides a visual outline for all of the possible assessment processes for any given
project (Industry & Investment NSW, 2009, p. 71).
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3.2.6 Queensland
Seaweed is defined as a marine plant in section four of the Queensland Fisheries Act
1994 (Queensland Government, 2017). The Fisheries Act provides a framework for all
Fisheries activity, which is managed by the Fisheries and Aquaculture Department. However,
any new projects must initially go through another branch of government in order to gain
approval.
Rather than developers interacting moving through each applicable department to
gain necessary approval for a project, Queensland has developed a system in which the State
Assessment and Referral Agency (SARA) fields and guides projects through the process of
approval. This means that aquaculture applicants do not interact with individual state
departments (such as the Aquaculture branch with in the Department of Agriculture and
Fisheries). This framework is outlined beneath the Planning Act 2016, which qualifies
development using two categories. Accepted development means that the project follows the
regulations outlined in the relevant accepted development requirements, while assessable
development requires additional approval from the applicable departmental agencies. There is
no legislation hindering the development of seaweed species, although as with any other state
system, if any of the departments reviewing the application holds issue with an element of the
application, it is unlikely to move forward.
3.3 Development and sustainability of seaweeds
The framework of each state is significantly different across Australia, and these
differences influence the scale of seaweed cultivation projects, the format of projects, the
governmental agencies involved and the length of the approval process. This said, there are
many other factors outside of the government and policy that will influence future seaweed
cultivation and growth in seaweed aquaculture as a whole. Such factors include market
interest and consumption, funding for unestablished industries (either from the government or
other groups), research and development of the body of knowledge around Australian
seaweeds, and environmental benefits or detriments of cultivation. I address these themes
through the expertise of governmental representatives from each of the states outlined in
section 3.3, who will remain anonymous outside of their state. Also included are some of the
pioneers of the industry, Dr. Pia Winberg of New South Wales, Dr. Craig Sanderson of
Tasmania, and two seaweed and sustainable aquaculture researchers from outside of these
states who will remain anonymous in this report. Dr. Pia Winberg is the founder of two
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companies, Phycohealth and Venus Shell Systems in New South Wales, which together are
designed to produce seaweed products for consumption and health purposes. She is currently
running and developing a land based seaweed cultivation pilot setup. Dr. Craig Sanderson is
the co-owner of the company Kai Ho Tasmanian Sea Vegetables, which produces a number
of edible products from seaweed that has been either cultivated or harvested directly from the
marine environment. Dr. Sanderson also works with Tassal salmon fishery to help them grow
seaweed to develop IMTA trial operations outside of their fish farms.
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4.0 Thematic Discussion
4.1 Research and Funding
Both of the commercial seaweed entrepeneurs who I was able to speak with for this
report have extensive academic backgrounds in phycology, and the other two seaweed and
aquaculture researchers have extensive knowledge of Australian seaweed and cultivation.
One of the major reasons why seaweed has not been pursued deeply across Australia is that
much remains unknown about the lifecycles and potential applications of endemic species.
As the New South Wales governmental representative who I spoke to said, “there's a little bit
of a shortcoming in that Australian algae has not been that well researched over the years”
(pers. comm. 2018). While seaweed consumption and cultivation is an ancient practice in
many Asian countries, few Western countries cultivate seaweed on a large scale. As Dr.
Sanderson stated, “In Australia, and in America too … a lot of us have got a British heritage,
possibly primarily. And they're strictly meat and three veg and not very adventurous” (2018, pers.
comm.). Cultivation of seaweeds, like any other organism, is a delicate science that depends

on the conditions of the water and the growth methods. Most seaweed species grow
incredibly efficiently, and the gaps in knowledge are being rapidly filled, but to scale up to an
industrial level there is research to be done in all Australian states. As Dr. Sanderson said,
A lot of the questions rely on good science in terms of what we can extract from the
sea safely. And to do that sort of stuff costs money. The governments are reticent to progress
forward unless the science has been done, but we're making inroads. (2018, pers. comm.)
The government is the major funding source for research on sustainable aquaculture
development, but grants supplied from the Fisheries Research and Development Corporation
(FRDC) and the Australian Research Council (CRC) are in high demand, and
underdeveloped industries such as seaweed have a difficult time securing significant funding.
In order to inform policy development and future growth, it is also important that the
research, once conducted, is communicated to the relevant bodies of governance. For
seaweed aquaculture, the Department of Primary Industries or equivalent for each state must
be informed about the current research pertaining to seaweed cultivation and its value before
it is recognized as a legitimate and viable aquaculture product. This has happened in some
states much more than others. The states that have the most advanced seaweed aquaculture
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currently – Tasmania, South Australia and New South Wales – are also the states in which
research bodies or seaweed specialists are working closely with the government. Below is a
descriptive table outlining the scientific research bodies that inform the Fisheries and
Aquaculture Departments in each state.
State

Governmental

Seaweed Specialists

Research

within the primary

Body/Research

research source

Affiliated bodies

Source
Northern Territory

Darwin Research

No

Center
Tasmania

Victoria

Institute for Marine

Charles Darwin
University

Yes

University of

and Antarctic

Tasmania, Industry

Studies (IMAS)

Collaborations

Fisheries

No

Management and
Science Branch
South Australia

South Australian

Yes

Research Institute
(SARDI)
New South Wales

Aquaculture

Yes- Affiliated

Research Unit and

University Linkages:

Aquaculture

9

Research Advisory

Industry

Committee

Collaborations: 7
(Primary Industries
Science and
Research, 2018)

Queensland

Fisheries Research

No

Table 1. State government research bodies or major scientific information sources for each
state. Affiliated bodies include all universities or industry collaborations that the
governmental aquaculture research branch publicized.
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Smaller states like Tasmania outsource their research rather than investing in an
internal research unit, but the Fisheries department has formed a strong connection with the
Institute for Marine and Antarctic Studies (IMAS). The state maintains the Sustainable
Marine Resource Collaboration Agreement with IMAS, which provides partial funding for
projects pertaining to aquaculture (Tasmanian governmental representative, 2018, pers.
comm.). As the Tasmanian governmental representative stated, “when determining
management policy it's very important to consult the contemporary science. So we rely on
them [IMAS] significantly. . . and science changes. We adapt to science, we adapt our policy
based on the current science, and we move forward.” (pers. comm., 2018).
In contrast, states like South Australia, Queensland and Victoria support their own
governmentally run research facility in order to improve knowledge of local ecology and
aquaculture practices. New South Wales maintains a mixture of both governmental and
outsourced research and provides some funding opportunities for external researchers outside
of the government investigating primary industries like seaweed aquaculture. Even with
state-based funding opportunities, there are often biases towards products that have a
nationally secure market and a known value. As the Northern Territory governmental
representative stated,
We have a budget and it depends on what we think is worth investigating… there is
scope within our system to allocate funds to do some new work within the fisheries budget,
we've a little bit of flexibility. But you've got to be able to sell your business before you start
the funding. (2018, pers. comm.).
For new industries such as seaweed, this is more of a challenge than for marine fish or
other aquaculture species.
There is very little state funding across Australia for “trailblazer” development project
for products such as seaweed for which the market remains fairly undefined. However, it is
worth considering that during 2006-2007, over $14 million AUD of seaweed products were
imported into Australia from abroad, primarily from Asia and North America, amounting to
about 5,300 tonnes (Lee, 2008, p. 4). There is already significant market demand in Australia
for marine macroalgae, and greater understanding of native species and cultivation methods
may help transition this external market into native Australian production.
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4.2 Environmental Value and IMTA
As outlined previously, seaweed has significant ecological value compared to most
marine aquaculture and land based agriculture. As with any crop, there are environmentally
sound and environmentally harmful methods of cultivation. Of the few cultivation pilots
currently running in Australia, the seaweed being produced is extremely high value in both
quality and sustainable cultivation practices. Particularly given the commitment of the
Australian federal and state governments to environmentally sustainable development (ESD),
developmental projects in Australia are met with rigorous precaution and multi-agency input.
While this can make it harder for a new industry to grow, endemic seaweed naturally places
low stress on the surrounding environment. This means that new industries are evolving
within a sound framework of sustainability, and this process is more simple for a product like
seaweed, that places little environmental strain on the surrounding environment when
cultivated either on land or offshore. Through the research and pilot phases of her seaweed
cultivation projects in New South Wales, Dr. Pia Winberg has maintained a close relationship
with New South Wales governmental bodies in order to demonstrate the efficiency and low
impact of land based seaweed cultivation.
We provide [them] with information on our nutrient analysis from water coming in,
water going out, so we can demonstrate how seaweed is actually cleaning up and creating a
new renewable and high-value product that doesn't rely on fresh water and could be … very
profitable and suitable for ecological services and human nutrition and development (Dr.
Winberg, 2018, pers. comm.).
Dr. Winberg has developed a unique system of using the waste water from a wheat
farm as the source water for her land based cultivation company. The seaweed that she grows
feeds off of the excess nutrients from the wheat farm, cleaning the water as it is used. As she
stated, “We're the inverse of fish farming, in that you're bringing in clean water than you're
releasing” (2018, pers. comm.).
All six governmental representatives asked about the perceived benefits or dangers of
seaweed stressed the importance that only endemic species are cultivated.
Three of the six state governments described their legislation and stance towards
seaweeds as “precautionary”, while the remaining three described their stance as
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“promotional” in attitude, although all development projects will still have to go through the
full legislative process regardless of opinion. From all six state governmental representatives,
there was a general acknowledgement of environmentally beneficial potential of seaweed
(Table 2).
Northern

“There's nothing to stop it happening, if it's environmentally sound, which I

Territory

couldn't imagine seaweed not being. It’s a very low impact product.”

Governance
“From an environmental perspective, there's some great potential there. But
yeah, I think that science needs to be more well developed in a quantitative
Governance
sense, to see exactly what it is doing to the environment.”
Tasmanian

South

“I think it has really strong potential particularly because it's a low-impact

Australian

activity. I think that it has a lot of potential in and of itself as opposed to

Governance IMTA.”
Table 2. Representative opinions from governmental representatives across Australia
concerning the potential of seaweed from an environmental perspective.
Integrated Multi Trophic Aquaculture trials or land based polyculture has been
investigated to a limited extent in most Australian states at this point, although few pilot trials
have been sustained. At this stage, Tasmania has made the most significant advancements in
Australian IMTA. As it is a pivotal element of IMTA, seaweed may eventually be adopted as
a remediation tool for other aquaculture industries rather than cultivated independently. This
said, there is still a large amount of research needed before seaweed successfully captures and
sequesters significant amounts of harmful nutrient waste from a fish farm system, particularly
given that every location is different. As the representative from Queensland said,
“Practically, I think it's much too complicated to say ok how much excess nutrients we have
in the water body, how much will be taken up by seaweed and how much are taken up by
phytoplankton in the area … or taken up by seagrasses and seaweed outside of the
aquaculture setup” (2018, pers. comm.). For certain states such as Queensland, IMTA is a
less relevant practice because the aquaculture industry is limited and there are few offshore
farms. As the Queensland governmental representative explained, “more product comes out
from the sea in the sense of line fishing, trawl fishing, net fishing than the aquaculture space”
(pers. comm., 2018).
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The New South Wales governmental representative recognized the efficiency of
seaweed in cleaning the water in land based systems: “[the algae] generally strip the nutrients
from the water that they're bringing in, and by the time its discharged there is very little
nutrients.” (2018, pers. comm.). In regions like Tasmania that manage many commercialscale offshore aquaculture farms, offshore IMTA has potential as an avenue for offsetting
harmful waste (Tasmania governmental representative, 2018, pers. comm). The growth of
endemic species might also provide a means of recovery for struggling local species such as
Tasmanian crayweed Phyllosphoro comos, a quality noted by both Tasmanian and South
Australian governmental representatives (2018, pers. comm).
Whether as an element of IMTA or as an independent product, understanding the
potential environmental benefits or impacts of IMTA is necessary for the public and the
government to understand, evaluate and potentially support Australian native seaweed
cultivation.
4.3 Impetus for Future Development
Table 3 describes the answer to the question, “would you classify state governmental
regulation of seaweed at this time to be: prohibitive, precautionary, permissive, or
promotional?”
Northern

Tasmania

Victoria

Territory

South

New

Australia

South

Queensland

Wales
Prohibitive
Precautionary
Permissive
Promotional

√
√

√

√

√

√

Table 3. Governmental representative responses to the question, “would you classify state
governmental regulation of seaweed at this time to be: prohibitive, precautionary, permissive,
or promotional?” by state.
Responses were split in half between permissive and promotional. All governments
are bound by the framework and are unable to directly promote any given industry, but
through research, funding, and engagement with developers, the government can help new
industries take the proper steps towards sustainable growth. Therefore, the stance of the
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government towards any given industry is significant. The only caveat made by promotional
governments was that projects must still demonstrate strong economic viability. As the
governmental representative from the Northern Territory stated, “our department anyway is
very much pro-development as long as it's sustainable and ticks all the boxes. Every
department gets people who have developed a notion that they can fly to the moon, so we try
to avoid that,” while the Tasmanian governmental representative stated, “I would say
promotional… with issuing a permit there needs to be a significant business case and some
likelihood of success with these things. we would issue a permit, if they ticked all the boxes.”
The “ticking of boxes” is far easier when the framework for approval is clearly
outlined, which will only become clearer as more research and industry projects gain
momentum across Australia. As Dr. Sanderson explained, “Overcoming these hurdles as we
go along makes it a lot easier for other people to do the same in the future. It's an educational
thing…. I think that the government is conservative in this area in terms of developing new
industries which does make it a bit more difficult for starting industries, but we're making
headway.”

4.4 Drivers of Development
The momentum for a new industry must be large enough to convince developers that
the investment is worthwhile, whether environmentally, economically or both. For Australian
seaweed aquaculture, development so far has been driven significantly by scientists who have
transitioned into industry, such as Dr. Craig Sanderson, Dr. Pia Winberg and Dr. Rocky de
Nys of Queensland. Other companies and industries can play a role in supporting
development, a factor that has particularly encouraged Tasmanian seaweed cultivation. An
aquaculture and marine macroalgae specialist from outside of Tasmania explained the
significance of other industries acknowledging the value of seaweed.
It is my sense that Tassal are actively involved and see it very much as part of their social
license to operate [IMTA]. Whereas our kingfish and tuna farmers when we approached
them to look at IMTA for example, weren't interested… They can see some benefit but given
the cost of the research and the uncertainty of how it will make differences to their profits, or
policy decisions in regard to their resource allocations etc. They haven't been strong
supporters. (2018, pers. comm.).
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Preexisting aquaculture industries have power to encourage and become involved in
the future seaweed industry, but it is unlikely that IMTA will be adopted on a large scale by
Australian companies in a matter of years, particularly given the research that still needs to be
done in this area. Similarly, while state government aquaculture departments can ease the
process of development through familiarity with seaweed as a product and knowledge of the
steps developers must take to approve a proposal, the government can only do so much to
facilitate development. Willingness to fund pilot trials and scientific research on endemic
species cultivation at both the state and national level is important for the future of
commercial Australian seaweed. Ultimately successful and large-scale seaweed cultivation in
Australia is reliant on the market and on consumers. As Dr. Winberg states,
In the end it will be the consumer that drives demand… [seaweed] only takes a 10th of the
land required to grow the same amount of wheat. We produce more protein per hectare than a
cattle farm… the next stage is about the consumer demand and local communities also
supporting aquaculture development as it scales because of environmental impact. (2018,
pers. comm).
Given the negative connotation that aquaculture often carries due to poor
development in the past, the future of seaweed rests upon educating the consumer about its
value, benefits and uses. The support of governance, research, other industries and Australian
consumers could provide Australian seaweed a platform on which to become a nationally
sourced, commercially viable and environmentally sound product.
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5.0 Conclusions
Although seaweed has yet to develop into a stable Australian industry, initiatives
continue to bubble up throughout the country. The majority of states have broad aquaculture
legislation that handles the legalities of starting a land based or offshore cultivation farm.
Although the exact pathway for such a project may not be clearly laid out in the published
legislation, each state has some method for handling applications. Access to research and
experts seems more critical for easing the legal process directing seaweed aquaculture
development than the presence of long-standing algae cultivation companies like Australian
Spirulina. States such as Tasmania, South Australia and New South Wales, in which the
Primary Industries Departments have direct access to seaweed experts appear more familiar
with the concept of seaweed aquaculture. The more that individuals pursue land based or
marine seaweed cultivation, the more familiar governmental representatives will become with
the process, and the more resources developers will have to understand the legal steps needed
to begin cultivation. Even if there is no specific legislation for seaweed, the current
aquaculture frameworks for each state is robust enough to direct and allow for the formation
of pilot trials, particularly states in which overarching legislation encapsulating all
aquaculture proposals.
Prioritizing endemics and ensuring that any development is completed in an
environmentally secure way was a top priority for every governmental representative that I
spoke to. It is also important for developers to prioritize sustainable practices both in order to
encourage healthy growth, and to gain the support of the government. Because it is such a
new product, Australian seaweed aquaculture has the potential to develop without the
negative connotations associated with older aquaculture industries. Most of the substantial
Western aquaculture was first developed before the concept of sustainability became
acknowledged commercially. Conversely, because it is so new, Australian seaweed
aquaculture is growing within the parameters of environmentally sustainable development.
Financial support of research and industry development from the state, the national
government and private enterprises will be important in order for researchers and
entrepreneurs to fill in the knowledge gaps necessary to cultivate endemic species and to
scale production up. The impetus for this may come partially from recognition of the
ecological benefits of seaweed for IMTA or remediation, and may also come from consumer
understanding of the health and nutrition benefits of seaweed. Ultimately the consumer will
drive the market, and it is likely that the Australian public will need to understand the
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environmental benefits and the personal value that Australian seaweed has to offer before
significant growth can occur. As Dr. Winberg said, “To be able to scale industries and
remediate and recirculate nutrient streams at scale is what the planet demands, and it's not
going to happen on small niche scales” (2018, pers. comm.).
In the future, it will be valuable to expand this study in order to gather more
governmental and industry voices from across the country in order for developers and the
government to create a common vision for Australian seaweed. By understanding current
national perceptions towards seaweed, it will become easier for governmental departments
within and across states to communicate and solidify a framework for seaweed aquaculture
products. Similarly, it would be extremely valuable to collect survey data from food retailers
and the general public about perceptions towards imported and nationally sourced seaweed.
The consumer body is one of the most influential factors to the future of Australian seaweed
cultivation. It would also be very valuable to take the descriptive outline of the legislation
directing seaweed in each state and to create a visual or interactive network map to show
potential developers, the public, and the government what systems are in place for seaweed
aquaculture projects. Clarity facilitates better communication, increases interstate
understanding, and allows future entrepreneurs to more easily approach the government with
new initiatives. Expanding this research to include Western Australia and to interview a
greater number of seaweed researchers or cultivation entrepreneurs would paint a fuller
picture of current Australian seaweed cultivation development. If developed correctly,
seaweed could become an environmental protection tool, an alternative food source and a
valuable native industry for Australia.
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7.0 Appendices
7.1 Appendix A: Governmental Representative Interview Questions
Goal for interview: I hope to better understand how the government perceives the value of seaweed
farming, to what extent the government has preexisting policy that specifically directs seaweed
cultivation and/or harvesting, and how the department perceives the possibility of seaweed as a future
industry in regard to policy. I am also wondering what the Departments take most heavily into
account (a preexisting market, stakeholder interest, or environmental concerns and research) in
allowing or limiting the expansion of the seaweed industry.
Common Questions
1. What is your role in regulating aquaculture farming practices, specifically seaweed cultivation?
-

In what ways does the concept of sustainability factor into regulations directing new
industries such as endemic seaweed cultivation?

3) Within the aquaculture community, have stakeholders, industry members and/or researchers
approached the department of Primary Industries with an interest in seaweed cultivation?
- Do you consider cultivated seaweed to be a viable contributor (currently or in the
future) to the state economic or environmental value (either in the framework
of IMTA or independently?)
- In what ways (if yes or no)?
4) Do you feel that current state legislation is equipped to manage development in the seaweed
aquaculture sector? In what ways (yes, no or both)?
5) Would you classify state governmental regulation of seaweed to be: prohibitive, precautionary,
permissive, or promotional? (in what ways?)
6) Are there any opportunities for state departments of primary industries, parks, water and
environment to interact with one another in order to discuss any developments in policy or strategies
for aquaculture industry development?
7) What actors do you feel are most significant in driving the development of new legislation in
marine farming? (Researchers, current stakeholders, entrepreneurs, etc.)
8) How are the number of permitted aquaculture licenses and leases in a given area established in
relation to algae and seaweed?
9) How likely do you think it is that, in the future, there will be state legislation written specifically to
regulate seaweed cultivation?
10) How, if at all, does the government interact with third-party commercial accreditation schemes
(Best Aquaculture Practices’ (BAP) and ‘Australian Stewardship Council (ASC) for marine
aquaculture? Specifically in relation to seaweed (and IMTA)? MSC accreditation
11) Are there any benefits that you see to accommodating the growth of seaweed cultivation industry?
Any detriments?
12) Is there any governmentally-based funding for sustainable aquaculture innovation or for new
industry development in your state?
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7.2 Appendix B: Research or Industry Representative Interview Questions
1. Can you introduce yourself and tell me your background in seaweed? What is your
position by training?
2. Can you tell me about your current work with commercial seaweed growth?
3. Cultivating seaweed has yet to become a major Australian industry. What is your
mission in growing seaweed?
4. In what ways do you see Australian seaweed impacting sustainable aquaculture and blue
aquaculture in Australia, if at all?

5. Who in government have you needed to work with to initiate seaweed cultivation in your
state? In what ways (if at all) do you feel that your efforts have impacted governmental
perception of seaweed as a product and a potential industry?

6. Do you think that your work has impacted the future of seaweed aquaculture in your state?
7. What sources of funding do companies individuals or entrepreneurs have to start cultivation
projects, that you are aware of?

8. Are there any regulatory changes in state policy that you hope to see relating to seaweed
culture?

9. Where do you see the seaweed industry in your state in 10 to 15 years? Where would you like
it to go?

10. At this point, who do you feel is driving development in seaweed cultivation? Who has the
power to drive development in the future?

11. Do you feel at this point that the state legislation directing seaweed is prohibitive,
precautionary, permissive, or promotional of projects?
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7.3 Appendix C: Informed Consent Information Page
Meagan Currie
Swarthmore College and School of International Training
Informed Consent

November, 2018

Information
1. This study is investigating the policy related to seaweed harvesting and cultivation in each
Australian state. The goal of the study is to answer the question: how does the cultivation of
seaweed differ at the state government and policy level for each of the six Australian states? It
also seeks to address the question: “what is the relationship between the growing seaweed
industry and the government, and what structures are in place to allow for the development of the
industry?
2. The study is comprised of a policy study that uses the technique of Rapid Policy Network
Analysis (RPNA) to identify relevant legislation. The policy comparison will review which
bodies regulate seaweed cultivation and harvesting, the system of leases, licenses and approval,
the current scalability of seaweed cultivation in each state, and perceived environmental benefits
or dangers to seaweed cultivation.
3. The study will also involve an analysis of interviews from one individual directly involved in the
seaweed industry from each state and one governmental employee involved in the regulation of
this industry. The goal of interviews is to establish the ways that perception towards seaweed
varies across states, the perceived drivers of development from the governmental and industry
point of view, and any perceived benefits or dangers to a growing industry of seaweed cultivation.
These interviews will be recorded (with the permission of the interviewee) in order to maintain
strict accuracy in the reporting process. Government officials will be kept anonymous for the
report, and industry and development-involved individuals will have the choice to be kept
anonymous.
Results
4. This study will result in a 30-40-page paper publishing the findings. This paper will be available
online and will be accessible to the general public. The paper will be owned by the interviewer
but may be publicized by the School for International Training (SIT) and by Swarthmore College.
Research goals and benefits
1. Participation in this study may not benefit you directly, but it has the potential to create a
comprehensive analysis of policy from five states and the Northern Territory (excluding Western
Australia), which may be helpful to informing future policy development or change in policy in
relation to seaweed. It may serve as a platform for industry-based desires to be better understood by
government, and vice versa.
2. My hope is to create a unified report in which seaweed-related policy from the six Australian states
can be reviewed in order to identify differences and similarities. This will hopefully be helpful to
provide a groundwork for future interactions between developing seaweed industries and state
legislature across Australia.
Potential Risks
While there are no significant ethical concerns and this research is not intended to promote a certain
line of thought or stance concerning seaweed cultivation, I recognize that this project has the potential
to cause embarrassment or discomfort to you as an individual. All information will be accessible to
you prior to publication, and you may request to hear any part of the interview or to omit any
information in the publication itself. Your report will be made anonymous for the research paper
itself.
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7.4 Appendix D: Interview Consent Form
AUSTRALIAN SEAWEED AQUACULTURE ANALYSIS
CONSENT FORM FOR STUDY PARTICIPANTS
1.

I agree to take part in the research study named above.

2.

I have read and understood the Information Sheet for this study.

3.

The nature and possible effects of the study have been explained to me.

4.

I understand that the study involves undertaking a face-to-face/telephone/Skype
interview exploring how seaweed cultivation and harvesting is regulated across
Australia, and which will last no longer than 1 hour. I understand that this will be
recorded and that I will have the opportunity to review my interview transcript.

5.

I understand that participation involves no foreseeable risks.

6.

I understand that all research data will be securely stored on a password-secured device
owned by the interviewer.

7.

Any questions that I have asked have been answered to my satisfaction.

8.

I understand that the researcher will maintain confidentiality and that any information I
supply to the researcher will be used only for the purposes of the research.

9.

I understand that the results of the study will be published and that my wishes for
identification (or complete anonymity) will be respected.

10.

I understand that my participation is voluntary and that I may withdraw at any time
without any effect. If I so wish, I may request that any data I have supplied be
withdrawn from the research prior to 7th December, 2018.
Please check the box if you are also willing for your interview to be used to create an
educational podcast (participation will not lengthen the interview process at all)

Participant’s name: _______________________________________________________
Participant’s signature: ____________________________________________________
Date: ________________________
Statement by Investigator
◻ I have explained the project and the implications of participation in the study to this
volunteer and I believe that the consent is informed and that he/she understands the
implications of participation.

Investigator’s name: _______________________________________________________
Investigator’s signature: ____________________________________________________
Date: ________________________
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